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I r f a n  S i d d i q i  i s  t h e  h e a d  o f  t h e  P h y s i c s  D e p a r t m e n t  a t
U C  B e r k e l e y  w h e r e  h e  i s  t h e  D o u g l a s  G i a n c o l i  C h a i r
P r o f e s s o r .  H e  i s  a l s o  a  p r o f e s s o r  o f  E l e c t r i c a l
E n g i n e e r i n g  a n d  C o m p u t e r  S c i e n c e ,  a n d  a  F a c u l t y
S c i e n t i s t  a t  L a w r e n c e  B e r k e l e y  N a t i o n a l  L a b o r a t o r y .
I r f a n  r e c e i v e d  h i s  u n d e r g r a d u a t e  d e g r e e  i n  c h e m i s t r y  &
p h y s i c s  a t  H a r v a r d  U n i v e r s i t y ,  a n d  a  P h D  i n  a p p l i e d
p h y s i c s  f r o m  Y a l e  U n i v e r s i t y  a n d  j o i n e d  t h e  B e r k e l e y
F a c u l t y  i n  2 0 0 5 .  H i s  r e s e a r c h  g r o u p  f o c u s e s  o n  t h e
d e v e l o p m e n t  o f  a d v a n c e d  s u p e r c o n d u c t i n g  c i r c u i t s  f o r
q u a n t u m  i n f o r m a t i o n  p r o c e s s i n g ,  i n c l u d i n g
c o m p u t a t i o n  a n d  m e t r o l o g y .  I r f a n  i s  a l s o  t h e  d i r e c t o r  o f
t h e  A d v a n c e d  Q u a n t u m  T e s t b e d  a t  L B N L ,  w h i c h
d e v e l o p s  a n d  o p e r a t e s  f u l l - s t a c k  q u a n t u m  c o m p u t i n g
p l a t f o r m s  b a s e d  o n  s u p e r c o n d u c t i n g  q u b i t s .  H e  i s
k n o w n  f o r  k e y  c o n t r i b u t i o n s  t o  q u a n t u m  m e a s u r e m e n t
s c i e n c e ,  i n c l u d i n g  r e a l  t i m e  o b s e r v a t i o n s  o f
w a v e f u n c t i o n  c o l l a p s e ,  t e s t s  o f  t h e  H e i s e n b e r g
u n c e r t a i n t y  p r i n c i p l e ,  q u a n t u m  f e e d b a c k ,  a n d  t h e
d e v e l o p m e n t  o f  a  r a n g e  o f  m i c r o w a v e  f r e q u e n c y ,
q u a n t u m  n o i s e  l i m i t e d  a m p l i f i e r s  a n d  d e t e c t o r s .  I r f a n  i s
c o - a u t h o r  o f  t h e  b o o k  Q u a n t u m  M e a s u r e m e n t :  T h e o r y
a n d  P r a c t i c e ,  a  f e l l o w  o f  t h e  A m e r i c a n  A c a d e m y  o f  A r t s
a n d  S c i e n c e s  a n d  t h e  A m e r i c a n  P h y s i c a l  S o c i e t y .  H e  i s
t h e  r e c i p i e n t  o f  t h e  A P S  G e o r g e  E .  V a l l e y  p r i z e  a n d  t h e
J o s e p h  F .  K e i t h l e y  A w a r d .  H e  i s  a l s o  a  r e c i p i e n t  o f  t h e
B e r k e l e y  D i s t i n g u i s h e d  T e a c h i n g  A w a r d — t h e
u n i v e r s i t y ’ s  h i g h e s t  a w a r d  f o r  c o m m i t m e n t  t o  p e d a g o g y .
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Quantum computing systems are rapidly maturing,
giving rise to the exciting possibility of achieving
computational advantage over classical
technologies sooner rather than later. Typical
quantum hardware utilizes qubits which are the
two-state analogue of classical bits, albeit
capable of being prepared in quantum
superposition and entangled states, that yield a
computational space that maximally grows as 2N
for N qubits. Many quantum systems natively have
more than two levels that can be utilized for
information processing, thus permitting a more
rapid growth of computing power, and a shorter
route to quantum advantage, that may scale as
dN for d levels. We demonstrate the experimental
implementation of multi-level quantum computing
protocols and algorithms in superconducting
circuit-based quantum processors based on three
and four levels. Key to the successful operation of
such devices is the development of quantum
ternary logical gates, efficient benchmarking
techniques, and compiling. Leveraging
advancements in novel microwave-based
quantum  control techniques, we efficiently
generate highly-entangled states such as GHZ and
atomic Schrodinger cat states with greater than 90
percent fidelity, develop a general scheme for
synthesizing many-body gates such as the Toffoli,
and show significant reduction in overhead when
compiling quantum algorithms with qudits instead
of qubits.  
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